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THE EFFECTS OF ALCOHOL ON DRIVER PERFORMANCE
IN A DECISION MAKING SITUATION*
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Anthony C. Stein and Jeffrey R. Hogge

Systems Technology, Inc.
Hewthorne, California

ABSTRACT

This paper reviews the results of driving simulator and in-vehicle field j -

test experiments of alcohol effects on driver risk taking. The cbjective was
to investigate changes in risk taking under alcoholic intoxication and relate
these changes to effects on traffic safety. i

The experiments involved complex 15 minute driving scenarios requiring ;
decision meking and steering and speed control throughout a series of typical :
driving situations. Monetary rewards and penalties were employed to simulate ‘
the real-world motivations inherent in driving. A full placebo experimental
design was employed, and measures related to traffic safety, driver/&ehicle
performance and driver behavior were obtained.

Alcohol impairment was found to increase the rate of accidents and speed-
ing tickets. Behavioral measures showed these traffic safety effects to be
due to impaired psychomotor performance and perceptual distortions. Subjec-
tive estimetes of risk failed to show any change in the drivers' willingness
to take risks when intoxicated.

INTRODUCTION

Alcohol has been shown to be overrepresented in accident statistics :
(Refs. 1 and 2). Recent surveys have subdivided accident causetion into a i
veriety of factors including vehicle, environmental and driver factors
(Ref. 3). Driver bebavior can be further subdivided roughly into percep-
tion, psychomotor skill and higher cognitive factors including decision
meking. Alcohol effects on driver psychomotor skill in steering control
have been previously studied in some detail (Ref. 4), and the objective of
the work reported here was to investigate the alcohol impeirment in driver
decision-making situations.

*This work was supported by the Office of Driving and Pedestrian Research,
National Highway Traffic Safety Administration, Department of Transportetion.
The views expressed in this paper are those of the authors end dc not neces-
sarily represent those of the National Highway Traffic Safety Administration.
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An important aspect of this research was to determine whether driver risk
taking changes with Blood Alcohol Concentration (BAC) and, further, to parti-
tion the changes in risk taking into changes in driver perception, psycho~
motor factors and the acceptance of risk. These three factors combine to
determine performance in a decision-making task and, singly or in combination,
give rise to performance that we objectively observe as risk taking. Take,
for example, the situation where & driver has run a red light. This could be
due to the driver's having misperceived his speed or the time interval of the
amber light; it could also be due to the fact that he took too long in meking
& decision and thus his reaction time for accelerating or braking to a safe
stop was delayed; or the driver may merely have elected to accept the risk of
running a red light because he was motivated to minimize the delays caused by
stopping.

In previous research on driver risk taking, no consistent approach has
been used to differentiate between the various factors contributing to deci-
sion task performance. Several studies have measured driver risk taki s ’
which has been found to increase with BAC (blood alcohol concentration; ’
(Refs. 5-7) . More recently, however, it was found in a gep acceptance task
using significant rewards and penelties that intoxicated subjects did not
consciously accept greater risks (Ref. 8). Impaired psychomotor skill did d
result in degraded performance, however. :

The inconsistency in past research has been in the definition and simulae- |
tion of driver risk taeking, the analysis of all behavior components in risk 1
taking, and the use of tangible risks. Based on a review of the literature, /
the following elements were felt to be essential to adequately determine the |
effects of alcohol on driver decision meking: 1) division of driver behavior
into perceptual, psychomotor and cognitive components; 2) use of rewards and ‘
penalties to simulate real-world risks (e.g., accidents, tickets, lost time); }
3) use of tasks which simulate the temporal pressure of normel driving. The
experimental methods for accomplishing these goals are discussed below.

EXPERIMENTAL METHODS

Approach

This research was accomplished in two separate experiments, the first a
simulator study and the second involving field validation trials. The two
experiments were designed to be as similar as possible in order to allow
direct comparison of results. The specific setup for each was as follows.

Simulation. The simulation was configured to present a plausible driving
scenario, requiring both steering and speed control in driving decision-
making situations. The functional detalls of the simulation have been des-
cribed previously (Ref. 9). Basically, the simulator consisted of an ectual
car cab and controls with & two lane roadway drewn on & 0.25 x 0.32 m
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(10" x 12")* CRT mounted on the cab cowl 0.76 m (30 in.) in front of the
driver as illustrated in Fig. 1. Equations of motion for the car steering
and speed control were solved on an analog computer, which generated car
heading angle, lateral position, and forward speed in response to steering
wheel, accelerator and breke commands. The cer motion variables drove
special purpose electronic circuits which generated a dashed line two lane
roadway [3.65 m (12 £t) lane width] with 0.76 m (2.5 ft) shoulders. The
roadway was presented in correct perspective, but reduced scale (roughly
two-thirds) in order to fit on the CRT and yet subtend a 22 degree percep-
tual field of view.

Driving events were controlled by a paper tape programmer at a rate pro-
portional to forward speed. From a cross section of the many typical driving
decision-making situations three events were selected that could be easily
implemented in a laboratory simulation. The functional details of each event
and related measurements are described further on.

Field Velidation. This study was conducted in an instrumented vehicle o+
described elsewhere (Ref. 10). Special equipment was added to allow the car
to interact with the test course. A photo detector mounted on the vehicle
sensed reflective strips on the test course and triggered a programmer which
controlled event sequences in the field course driving scenario. Instrumen=-
tation was also added to allow experimenter feedback in scenario conditions
and subject progress. Details of the field setup are illustrated in Fig. 2.

Driving Tesks and Measurements

The driving scenario was designed to allow implementation both in the y
simulator and on the field course. A variety of events were considered, and
events that could be conveniently mechanized were selected for each experi-
ment as indicated in Table 1 (Ref. 11). A signal light situation was selected
as & clagsical single stage decision event. Vehicle control in a curve was
selected to investigate the large number of single vehicle loss of control
accidents that occur with alcohol involvement (Ref. 12). The remeining
situations selected from Table 1 involve divided attention, a driver behav-
ior factor which has been shown to be sensitive to alcohol impairment (Ref.
13). Details of the driving tasks and overall scenario were as follows.

Signal Iight. A model signal light was mounted directly above the hori-
zon of the roadway display in the simulator (Fig. 1a), and an actual signal
light was set up on the test course in the field validation study (Fig. 2a).
Signal timing was controlled as a function of car speed and distence from the
intersection in order to control the time-to-go to the intersection. Several
timing conditions were used ranging from a sure stop to a sure go. Deteils
of)the signal timing and task kinematics have been presented elsewhere (Ref.
11).

*Customary units were used for the measurements and calculations of this
study.
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TABLE 1. DRIVING DECISION-MAKING SITUATIONS

DECISION ‘ SELECTED TASKS
CIASS PASIC TYFE SPECIFIC SITUATIONS SIMULATION IN-VEHICLE
praffic e Signel 1light X X
Control e Course nevigetion X
Single
Stege Unexpected | © Car, pedestrian, object
Threats unexpectedly enters X
roadvway
e Object in/on roadwey
Sequential Maneuvers e Speed and steering X X

control in & curve

e Lane changing and
merging

e Road entry and merging

e Overt 10§ and passing

" 1light turns red, The amber 1ight interval was

requirements of this task were to estimate car speed and

The perceptual
distance to the intersection which the driver then uses to determine the
jon is baged on motion of

prdbdbility of making the light. Driver percept

the dashed 1ines and the intersection, auditory feedback of cer speed, and
osition of the sntersection when the 1ight changes from green to amber .
The driver does not separately eshimate speed and distance, put makes &
"gestalt" estimate of the chance of entering the intersection pefore the
held constant &t % geconds

which is typical of urban signal timing .

Driver signal +iming perception was measured bY having the subjects

their chance of failing %o meke & given signal gsituation
ugh the intersection. Failure wasé defined &8

entering the jntersection after the 1ight had gurned red. This amounts to
i robability in decision theory context, and care

was taken to jnsure that these estimates were unbiased bY yagk performance
(Ref . 1). Psychomotor performance was measured in terms of prake reaction
times in the gituations where the driver stopped .

Ccurve. The curved portion of the simulation and field gest driving
scenarios (Figs. 1c and 28, respectively) required specific steering and
speed control in order to avo1d loss of control. Tire forces were limited
in the simulator equations of motion such that peak curvatures cO d nov
pe negotiated ab gpeeds greater than about 45 km/h (28 mph
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scenario legal speed limit was set at 72 km/h (45 mph). Also 40 km/n (24 mph)
speed advisory signs were displayed to the simulator drivers in advance of
the curves.

In the field test a special circuit was set to activate an alarm at
greater than 0.5 g lateral acceleration in order to gimulate & loss of
control accident. The car was capsble of 0.7-0.8 g turns but actual loss
of control had to be avoided for safety reasons. The field course speed
1imit wes 40 km/h (25 mph) and the curve radii were such as to require
significantly lower speeds in order to avoid exceeding the imposed g limit.

The critical perceptual task in the curve situation was speed judgment.
Speed was represented by visual field motion and auditory feedback, as in
F the signal event, plus quantitative readout on the speedometer. Use of the
$ speedometer is more appropriate here than for the signal event because of
the quantitative nature of the curve limit speed and a lower time pressure
on perception and psychomotor action. Perception in this tesk was again
measured by driver-reported subjective probability of crashing which was
! solicited directly after curve exit. Speed at peak curvature was obtained
? as an objective measure of risk, i.e., the higher the speed, the greater
3

the risk., Comparison of subjective risk estimates with speed then gives a
measure of driver risk perception in the curve situation.

; Divided Attention. In the simulator the divided attention situation

i involved obstacle avoidance., This task consisted of a circular object at

: th~ right side of the displayed rosdway which sometimes remained stationary

' at the side of the road or, more frequently, moved laterally into the sub-

: ject's (right) lane (Fig. 1b), requiring either stopping or steering avoid-
ance. The subject also had to contend with adjacent cars in the left lane

’ which were simulated by a projected slide viewed in the side view mirror

{ (Ref. 9). Changing lanes in the presence of an adjacent car led to a crash

as simulated by a buzzer and display jitter. Crashes also resnlted from

striking the obstacle or running off the road shoulder.

e o

The obstacle avoldance task was & conflict situation. The subjecp was
encouraged by a time reward to continue going if possible, but was penalized
for crashing as described further on. This task primerily provided & measure
of the driver's visual monitoring and steering control. Comments were solic-
ited from subjects on monitoring behavior in the event of an adjacent crash.

o A S T

Mechanization of the obstacle avoidance task was deemed too difficult
for the fleld study so & simple route guldance task was substituted. A dash-
board mounted indicator was used to direct the subject either left, right or
straight after he had passed the signel light intersection. The course lay-
_ out and timing were such that the route decision was made under & reasonable
4 amount of time pressure.
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Driving Scenario and Reward/Penalty Btructuve

Each run in the simulator and field tests consisted of an approximately
15 minute drive which included a pseudo-random sequence of the above tasks.
Program starting points were varied and counterbalanced between subjects in
order to avoid learning the eVent sequences. Circuits for detecting red
light and speeding violatiouns were activated at approximately 30 percent of
the events to simulate occasional police surveillance.

Audio alarms were activated when violations were detected, and when the
lateral g limit for loss of control was exceeded in the field test. A crash
buzzer was activated in the simulator when subjects exceeded the road
shoulder limits, or ran into obstacles or adjacent cars. Accidents in the
field test were further defined by striking the tires and cones used to
define the edge of the course (Fig. 2a). Thus subjects were given complete
feedback on traffic safety related variables (accidents and tickets) as
they would in the real world. In addition the number of accidents and
tickets were used as traffic safety measures on the overall driving scenario
and were also accounted for in the reward/penalty structure as described
below.,

Subjects were instructed to behave as they normally would in a driving
situation with a reasonable motivation for timely progress while avoiding
traffic violations and accidents. In addition, the monetary reward/benalty
structure given in Table 2 was used to simulate real-world driving motiva-
tions and risks (Ref. 1%), and provide a quantitative value structure for
expected value modeling of decision-making behavior (Ref., 15). 'The overall

TABLE 2., REWARD/PENALTY STRUCTURE FOR SIMULATING
REAL-WORLD MOTIVATIONS IN DRIVERS

e ——————— e =

’ 1AB FIEID
COMPONENT SIMULATION VALIDATION
Run completion bonus $10 $10
Time saved rewsrd $2/win $2/nin
Low ticket penalty group $1/ticket $1/ticket
High ticket penalty group $2/ticket $4/ticket
Accident penalty $2/crash $2/crash
Route error penalty —_— $0.50/error
616



scaling of the structure was made large enough to be meaningful and compara-
ble to the subjects' hourly wages. The run completion bonus was included to
insure subjects completing each run, :7d the time saved reward was set to
encourage the subjects to make timely progress on the drives and not become
excessively cautious. Penalties were assessed for tickets, accidents and
route errors (traffic safety factors). Ticket penalties are one factor that
can be manipulated in the real-world (i.e., traffic court fines) and a be-
tween group comparison was included for two levels of this variable. Results
of the simulator study showed no significant differences between the $1 and
$2 penalty groups so the high ticket penalty wes increased to $4 for the
field experiment. Results on tha ticket penalty variation are fully dis-
cussed in Ref. 14.

Design, Treatments and Procedures

Subjects were selected from the male licensed driving population through
& newspaper ad and screened to insure heavy drinking tendencies (defined as
the capability for reaching a peek BAC of 0.15). Based on age and scores on
a hostility test (Ref. 16) and betting test (Ref. 17), subjects were matched
and divided into the two penalty groups. During training sessions subjects
were given several one-half hour exposures to the simulated driving scenarios

and reward/benalty structure in order to minimize learning effects during the
formal date sessions.

The experimental design shown in Fig. 3 was completed by 12 subjects in
the simulator experiment and at a later date by a different group of 14 sub-
Jects in the field tests. BSession order was counterbalanced between subjects.
Performance was measured in four separate runs during sessions of nominally
eight hours in length., During alcohol days runs were administered at sober,
ascending, peak and descending levels of Blooi Alcohol Concentration (BAC)
in the simulator tests. The ascending BAC runs were subsequently dropped in
the field tests based on minimal differences in simulator performance levels
on the ascending and descending portions of ihe BAC curve. During placebo
days runs were sdministered at roughly the same times as on the alcohol days.
Thus subjects served as their own controls for alcohol effects, and penalty
structure was between group eflect.

RIS

Actual times and blood alcohol levels are illustrated in Pig. b. BAC
vag measured with a gas chromatograph breath analyzer. Placebo drinks were
mede by floating a small amount of liquor on top of mixer. Sublects were
allovwed to select thelr own mixed drinks in order to meximize subject morsle;
however, combinations which would not allow credible placebos were tactfully
avoided. Alcohol was administered proportionsl to body weight in three drinks.

. T R A s A

The facility laycut and personnel assignments were designed to maintain
subject motivation and experimental efficiency. Recreatlional areas vere set
up adjacent to the simulator and included a bar, breath test area, lounge and
dining area, and & restroom. This provided a relaxing stmosphere for the
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subjects between experimental trials and isolated them from laboratory acti-
vity other than when they were being tested.

RESULTS AND DISCUSSION

Overall Performance

Performance measures accumulated over the whole driving scenario are
plotted in Fig. 5, which show excellent agreement between the simulation
and field test experiments. The total payoff per run gives an overall
combined performance measure of the reward/benalty structure components .
Average payoff was appreciably affected by BAC as illustrated in Fig. Sa.
Sober subjects were making an average $12.50 per run, which dropped to $5
at the peak BAC condition. Analysis of variance procedures (ANOV) proved
these results to be reliable (P < 0.01), but showed no significant differ-
ence between the two ticket penalty groups. The payoff levels were quite
substantial, as the average sober subject made roughly $3%0-50 during his
placebo session, and subject comments indicated these payoff levels moti-
vated performance.

Component measures of the reward/benalty structure are also given in
Fig. 5. Average driving time to complete the driving scenario (Fig. 5b)
was remarkably insensitive to BAC, while speeding tickets and accidents
were appreciasbly elevated with BAC (Figs. 5c and 5d). Since driving com-
pletion time was constant, the increased incidence of speeding tickets with
BAC implies increased speed variability. Subjects were well aware of the
speed limit and speeding penalty, and feedback of speed was available both
visually and aurally. Thus, increased speed variability suggests decrements
in perception anq/or speedometer monitoring.

Considering e speed versus accuracy paradigm, it is apparent here that
these subjects maintained average speed levels (and thus average rate of
event occurrence) under alcohol impairment at the expense of accuracy
(increased tickets and accidents). Thus risk teking increased with BAC,
but the question remeins as to whether the drivers were aware of the in-
creased risk and thus were willingly accepting greater risk.

The simulator driving scenario provided for three types of accident
exposure, and these accident results are plotted in Fig. 6. Crashes on
the curve resulted from excessive speed anq/or poor steering control and
were the most prevhlent accident. The adjacent car crashes arose from the
driver not monitoring his rearview mirror when he decided to steer around
the obstacle (subject reported). This result is consistent with previously
reported monitoring failures in driving situations (Ref. 4). Observations
during the experiment indicated that obstacle crashes occurred either because
the driver took too long to decide to stop and then hit the obstacle, or
tried to steer around and clipped it from the side.

619

e AT e s A Pt A 4 s -

3 € Nt M




AR S 5

S TR A BETR T T BT R TS T R R AR S

SRR TR T T A T T T AaTTE SAR T AT T A T

WY ---;w

T LA OV R ST

e« et AT —— i e

e TAY W et e A b s e s S

S9INSEI SOUBLIOIJIS OTIRUSDS JUTATIQ TIBIAQ °G BT

Stwaptazy (P
Buipuaosy

! burrisg (q

buipuadsag  joad 43qoS  (DV8jIDlL |04OOlY buipuaossag  yo3ad  bupuddsy Jaqos  (Dv@)ipul j04odly
v ¢ 2 | jolf 0gaoDid 14 € A ! Dt ] 0qadDIg
(> oy P ——{e—— 0 T T T 1 W
P —— e = AONY wouy 21 § H ol
-y yoa3lgns (sainuiw)
13d ———— ——— awn |
S3YSDID AL o S 15! vonarduo
30 JaqunN u .Wuu_ o
aboiaAy Diahy
-2
-02
-\p=-| —— PId!4
-——O~=- | —@— | J0iD|RUNS
e 0qadD|d | 104091V
sy0y214 buipaads (9 440hod (O
Butpuadsag ¥pad  buipuaosy  18qoS (ovg) 10111 10yoojy Ouipuadsag  yoad Buipuassy  19q0S  (DJva) oL 040Dy
v ¢ 2 i (Dl4] 0GQa39DId 4 € r4 | D111 0Q33D|d
T T T T o T 1 ! 1 o
Yoo o~ —— L _
~
// ~ —~ G —-S ﬁ
{o3lgng
13d uny
. sioIL . 43d
01 Bupasdg or$ 330k0d
40 JaquInN abpiany
abpiaay e
——————
) de1 - m_*

620




T TS p N T ST RRIR T R T T

ST TEETRe T R R TR T e TR T T R TR T T AR AT T e TRy TR T R T A R T AR R T e e e T

ORIGINAL PAGE IS
OF POOR QUALITY

—@— Curve Crashes
(excessive speed/loss of controi)
1.5 —&— Adjacent Car Crashes
(monitoring faiiure)
—8— Obstacle Crashes
Average .
N:mrb:r of (late decision and./cr poor steering control)
Croshes Lo - Fi"ed - A'COhOI
Per Empty - Placebo
Subject
S
— S o
Placebo Trial | 2 3 4
Alcohol Trial Sober Ascending Peak Descending
BAC 0.0 0.I0 0.l4 0.l0

Figure 6. Simulator Curve, Adjacent Car and
Obstacle Crash Results

The relative increase in experimental accident rete with BAC is compared
with real-world deta (Ref. 18) as shown in Fig. 7. Although there is some
difference between the two experiments reported here {primarily due to dif-
ferent placebo accident rates), the data are still consistent with epidemio-
logical statistics. The knee of the experimental date occurs in the region
of 0.10 BAC and the data bracket the reel-world rates. This data thus lend
credibility to alcohol sensitivity of our simulated driving scenarios.

Signal Light Behavior

The probability of going on a given signal timing condition and the
driver's estimate of failure (i.e., running the red light) are plotted in
Fig. 8. There were 5 signal timings randomly distributed throughout the
scenario, and the amber light timing was set to change the light when the
driver was 3.4+ seconds from the intersection (traveling at constant speed)
in the simulator and 4.2 seconds in the field test for the data illustrated.

The amber light interval was only 3 seconds long so the subjects would inveri-

ably run the red light under these conditions if they decided to go. There

was some probability of going under this condition, however, which increased
under alcohol.
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E | Figure 7. Comparison of Experimental Accidents
With Real World Data (after Hurst, Ref. 18)
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Curve Behavior

Drivers had to carefully control speed on the curves to avoid loss of
control. As illustrated in Fig. 10, drivers did meintain safe speeds on the
average with no significent effect due to BAC level. However, speed varia-
bility between curves (computed across several repeat curves/fun/subject)
did significantly increase under peak BAC. ANOV procedures showed this
effect 1o be significant at the 0.05 level. By taking into account the
speed mean end standard deviation values and assuming & normel distribution,
we can compute the probability of exceeding the critical curve speed, which
should equel the probability of crashing. In Fig. 11 computed and measured
crashed probabilities for the simulator data are compared. The computed
probabilities show an increase in the region of peak BAC, but are generally
lower than the date by 30 percent. In the field test the mean and varia-
bility does not explain the increase in accident rate (field accidents were
primarily due to g limit exceedences in the curves). However, experimenters
noted thet g exceedence often occurred with steering corrections. Steering
actions by the driver can exceed the g limit at speeds below the critical
speed. In the linear region of tire force characteristics, lateral accelera-
tion for a neutral steer car can be expressed spproximately as & function of
the car's speed (Uo), wheelbase (a + b), and front wheel steer angle, 8;,:

U2
= Q <
ay a+b 8"' a'ymax

The driver could enter a curve and establish safe steady-state conditions
(i.e., constant Uy and &), then provide steering corrections which commend
lateral accelerations beyond the acceleration limit according to the above.
As noted, the higher the speed (Up), the less additional steering angle can
be tolerated before the tires reach their acceleration limit. Errors in
this mode might result from the driver not establishing a large enough steer-
ing angle at the beginning of the curve, then having to meke a correction in
midcourse which is beyond the acceleration limits of the tires.

Subjective estimates of risk or terash'! probability were obtained in
both studies at the end of selected curves. No effect of alcohol was noted
on these estimates. Thus in spite of the increased accident rate under
alcohol which was primaerily due to loss of control on curves, drivers did
not exhibit any perception of the elevated risk.
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Figure 10. Mean and Variability of Speed on Curves
in the Simulator and Field Driving Scenarios
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SUMMARY AND CONCLUDING REMARKS

Overall performance on the driving scenario, as measured by accumulated
payoff according to a reward/penalty structure, was appreciably degraded by
BAC (blood alcohol concentration). Fenalties due to fecidents and speeding

tickets increased with BAC and were Primarily responsible for the decline
in payoff,

Increased speed variability under alcohol was responsible for the in-
crease in speeding tickets and curve accidents. On the average drivers did
not perceive the increased hazard of the curve task with alcohol impairment
as indicated by subjective estimates of risk; however, speed variability did
increase, probably due to impaired perception of speed. Similerly, going
behevior on the signal task increased under alcohol due to an increase in
the variability of risk perception.

The above changes in speed variability and signal risk perception with
increased BAC imply perceptual impairment unknown to the drivers. Alcohol
increesed perceptual variability which increased the driver's risk exposure.
However, the mean level of subjective risk estimates was unchanged with
alcohol in this experiment, which indicates the subjects were not aware of
their increased risk expusure. The incidence of tickets and accidents under
alcohol, although increased, was still a low probability event (roughly 1.5
and 1 incident per subject per run, respectively, at the peak BAC level).
Although degraded psychomotor skill and perception combined to increase the
changes of violations and accidents under alcohol, the subjects were not
aware of these changes in risx.
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